Malan syndrome has recently been characterized to present Sotos-like phenotypes, such as intellectual disability and macrocephaly, with mutations in the NFIX gene. Herein, we report a 38-year-old patient with a novel single adenine insertion mutation in exon 2 of the NFIX gene (c.290_291insA). He developed early-onset thoracic aortic aneurysm and dissection, which was a rare complication but deserves particular attention in relatively long-lived patients with Sotos-like phenotypes.
10 out of 10 at one minute after birth, and his body weight was 3400 g (50-75th percentile), height was 50 cm (50-75th percentile), and head circumference (HC) was 38.5 cm (497th percentile) (Figure 1b,c) . During his development, delayed speech and unsmooth gait gradually became obvious, and his HC remained greater than 2 s.d. above the mean (Figure 1c ). His initial attack of recurrent convulsive seizures happened when he was 2 years old, and he was admitted at the age of 4.5 years for our first examination. His weight was 18.7 kg (+1SD), height was 114.5 cm (+2.4 SD), and HC was 54.2 cm (+2.3 SD). Carpal radiograph showed a bone age of 6 years. Abnormal phenotype included intellectual disability, recurrent convulsive seizures, excessive growth of the body, large hands and feet, cubitus valgus, crus varum, advanced bone age, funnel chest, kyphoscoliosis, tendon hyperreflexia (biceps, patellar, Achilles), and distinctive facial features, including macrocephaly, prominent forehead, hypertelorism, down-slanting eyes, prognathism, and high narrow palate; thus, Sotos syndrome was suspected. Until recently, he had been followed up by pediatricians and psychiatrists under treatment with anticonvulsants without unplanned admissions.
He was referred to a hypertension specialist at the age of 32 years for blood pressure increase to over 200 mm Hg during seizures. However, the blood pressure at home was within normal limits, and secondary causes of hypertension were excluded. At the age of 35 years, electrocardiogram on annual medical check-up showed increased voltage (SV1+RV5 = 4.1 mV). Transthoracic echocardiography (TTE) revealed the absence of left ventricular hypertrophy but the presence of a mildly dilated ascending aorta (39 mm) (Figure 1d) , and the annual check-ups continued. At the age of 38 years, his weight was 74 kg, height was 175 cm, HC was 61.4 cm (+4.4 SD), and he did not have diabetes, dyslipidemia, or complaints of aches and pains during the most recent one-year period. However, TTE showed a progressive dilatation of the ascending aorta (66 mm) with 1 proximal dissecting flap (Figure 1e ), which extended into the brachiocephalic artery, as evaluated by computed tomography (Figure 1f ). Since he had passed the acute phase and it was determined that surgical repair would be difficult for psychiatric and social reasons, he has been carefully followed up by a cardiologist under treatment with antihypertensive drugs.
For the proband and his parents, we performed genetic analysis of TAAD and Sotos syndrome-related gene mutations, as previously described. 8 This investigation was approved by the University of Tokyo Hospital ethics committee (G-1538). The fluorescence in situ hybridization (FISH) test did not detect a deletion or duplication of 5q35 encompassing the NSD1 gene (SRL Co, Tokyo, Japan), and we did not perform an array CGH (comparative genomic hybridization) test for chromosome abnormalities. Sanger DNA sequence of the NSD1, NFIX, FBN1, TGFBR1, TGFBR2, SMAD3, TGFB2, TGFB3, MYH11, and ACTA2 genes revealed a novel single adenine insertion mutation (c.290_291insA, p.Asp98GlyfsX29) within exon 2 of the NFIX gene (NM_001271043; NP_001257972) in the proband (Figure 2 ), but not in his parents (data not shown). This variant was confirmed by the direct-sequencing of subcloned PCR products spanning this variant (Figure 2b) , and is currently not listed in public databases of variants, such as dbSNP (http://www.ncbi.nlm.nih.gov/SNP/), Exome Variant Server (EVS) (http://evs.gs.washington.edu/EVS/), Exome Aggregation Consortium (ExAC) (http://exac.broadinstitute. org), or Human Genetic Variation Browser (http://www.genome. med.kyoto-u.ac.jp/SnpDB/), and there were no mutations in the NSD1 gene or well-known TAAD-related genes. Thus, we concluded that this de novo mutation of the NFIX gene was possibly responsible for the Sotos-like phenotypes. The patient was finally diagnosed with Malan syndrome based on his comprehensive clinical features and the result of genetic analysis.
Mutations in the NFIX gene can cause two distinct diseases; most mutations causing Malan syndrome cluster in the evolutionally conserved N-terminal DNA-binding/dimerization domain (exons 2 and 3), and mutations associated with Marshall-Smith syndrome cluster in the C-terminal end (exons 6 to 10). [4] [5] [6] Malan et al. 4 speculated that differences in phenotype consequences are due to differences in the fate of the mRNAs; the haploinsufficiency due to nonsense-mediated mRNA decay (NMD) and the dominant-negative effect of putative truncated proteins likely lead to Malan syndrome and Marshall-Smith syndrome, respectively. Consistent with these observations, in the present case, the single-base adenine (A) insertion mutation within exon 2 produced frameshift and a premature termination codon, and thus, the mutant mRNAs are presumably degradated by NMD.
The roles of transcription factor NFIX are becoming evident, particularly in the development of the brain, skeletal muscle, and hematopoietic system; 9-12 however, the pathophysiological roles of NFIX in vessels remain elusive. Nimmakayalu et al. previously reported an 11-year-old Caucasian American girl with a 19p13.13 deletion that disrupted NFIX and CACNA1A due to parental germline mosaicism and led to macrocephaly, intellectual disability, episodic ataxia, and a mildly dilated aortic root at the sinus of Valsalva (29 mm; Z-score = 3.4). 7 In contrast, the elder sister aged 16 years with the same chromosome deletion had macrocephaly and intellectual disability but no aortic dilatation. Among 33 previously reported young patients with Malan syndrome (age 1-27 years), TAADs have not been yet reported, and thus, our case is the oldest case and the second case of aortopathy among patients with NFIX mutation-related Sotos-like syndrome. It is possible that the phenotype is influenced by other genetic and/or environmental modifiers of aortopathy, and further investigations are needed to better define the aortic phenotype in patients with NFIX mutations.
In conclusion, we report a sporadic Japanese case of Malan syndrome with a novel NFIX mutation (c.290_291insA, p.Asp98GlyfsX29), which caused Sotos-like phenotypes complicated with early-onset TAAD; however, the exact mechanism underlying this association remains unclear. Evaluation of the thoracic aorta and genetic testing in patients with Sotos-like phenotypes may contribute to the detection of such high-risk subgroups that require improved risk-stratification and management. Figure 2 . NFIX mutation analysis. (a) Genome DNA sequencing identified a frameshift mutation in exon 2 of the NFIX gene in the proband #882 (c.290_291insA). (b) Sequence analyses of the subcloned PCR products amplified from genomic DNA of the proband. PCR was performed using primers spanning the variant: forward, 5′-CCCCTTCTAACGCTGCTTTT-3′ and reverse, 5′-ATCACCATGACCAGGTCCAG-3′. The products were then subcloned into a pMD20T vector using a Mighty TA-cloning Kit (TaKaRa, Shiga, Japan) and sequenced. Predicted amino acid sequences and numbers are shown along with nucleotide sequences. Aspartate (Asp) at amino acid positon 98 is the first amino acid changed in the mutated allele, predicting a premature stop mutation at codon 126 (p.Asp98GlyfsX29). 
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